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FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Thermal Insulation 
Materials Sectional Committee had been approved by the Chemical Division Council. 

The use of ceramic fibres as thermal insulation materials began only in the preceding decade due to the rapid 
technological developments in the field of ceramic technology. Now-a-days, ceramic fibres are extensively being 
used as thermal insulation materials. Ceramic fibre is manufactured by melting alumina and silica followed by fibrisation 
either by blowing the melt or by drawing the melt through a set of spinning discs. Zirconia ( ZxO^ ) is also now being 
added alongwith alumina and silica to improve the properties. 

The methods of test covered in this standard are devised for assessing the quality and uniformity in performance 
of ceramic fibre products used widely as thermal insulation materials. They are meant to test the properties of 
ceramic fibre as a whole and do not take into consideration the effect of process variables on different properties. 
These methods do not cover test and classification of ceramic raw materials. 

This standard makes no attempt to assess the relative value of different thermal insulating materials, as it is felt that 
information of this kind is best supplied by individual manufacturer who will be able to state for their own products 
the advantages resulting from the most recent technical advancements in their process of manufacture. On the 
other hand, it is essential that claims for technical properties of a material should be related to well-established tests 
based on sound fundamental principles. The purpose of this standard is, therefore, to provide details of standard 
methods of test for the assessment of properties which are likely to be of value to the user. Considerable assistance 
has been taken from BS 1902 : Part 6 : 1986 'Methods of testing refractory materials : Part 6 Ceramic fibre products' 
to formulate this standard. 

The Committee responsible for formulation of this standard is given in Annex A. 
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Indian Standard 
CERAMIC FIBRE PRODUCTS — METHODS OF TEST 



1 SCOPE 

1.1 This standard prescribes the methods of test for 
ceramic fibre products. 

1.2 This standard does not cover the method for 
determination of thermal conductivity, as determination 
of thermal conductivity of thermal insulation materials 
is covered by IS 3346. 

2 REFERENCES 

The Indian Standards listed below contain provisions 
which through reference in this text, constitute 
provisions of this Indian Standard. At the time of 
publication, the editions indicated were valid. All 
standards are subject to revisions, and parties to - 
agreements based on this Indian Standard are 
encouraged to investigate the possibility of applying 
the most recent editions of the Indian Standards: 

IS No, Title 

196 : 1966 Atmospheric conditions for testing 

2405 Specification for industrial sieves : 

(Part I) : 1980 Part l^ixQ cloth sieves ifirst revision) 

3069 : 1965 Glossary of terms, symbols and units 

relating to thermal insulation 
materials 

3346: 1980 Methods for the determination of 

thermal conductivity of thermal 
insulation materials ( two slab, 
guarded hot-plate method Xy/rs/ 
revision ) 

11239 Method of lest for cellular thermal 

(Part 1 ) : 1985 insulation materials : Part 1 
Dimensions 

3 TERMINOLOGY 

For the purpose of this standard, the definitions given 
in IS 3069 and the following shall apply. 

3.1 Bulk Density 

Mass per unit volume in air at 27 ± 5°C temperature 
and 65 ± 5 percent relative humidity. 

3.2 Resiliency 

It is the capacity of the material to retain its original 
form after being subjected to constant load for a 
particular period of time. 



3.3 Thermal Shrinkage 

Reduction in the original length of the sample by the 
apphcation of woridng temperature for a particular period 
of time. 

4 SAMPLING 

4.1 Representative samples of the material shall be 
drawn as prescribed in the relevant material 
specification. 

5 CONDmONINGAND REPORTING 

5.1 Conditioning 

It is desirable that the test specimens be conditioned 
in an atmosphere of 27 ± 2°C and 65 ± 5 percent relative 
humidity ( see IS 196 ) to constant mass. 

NOTE — Variations due to the conditioning procedure 
are not normally significant, but where the test conditions 
are different from the above, these should be stated. 

5.2 Reporting 

The report shall include the following: 

a) Reference to this standard, 

b) Identification of test specimen, 

c) Mean value of the requirement of the material, 
and 

d) Any deviation from the test procedure. 

6 DETERMINATION OF FIBRE DIAMETER 

6.1 Principle 

Diameter of ceramic fibre is measured with a microscope. 

6.2 Number of Tests 

Carry out the determinations on three test conditioned 
( see^A ) specimens of the same test sample material. 

6.3 Apparatus 

6.3.1 Balance 

Capable of weighing the test specimen to an accuracy 
of± 0.5 percent. 

6.3.2 Glass Plate 

6.3.3 Microscope 

A suitable projection microscope having linear 
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magnification of x 1 000 or at least of x 400 for fibres 
up to 20 microns or at least of x 250 fopfibres above 
20 microns. It should have a micrometer eye piece or 
with a graduated screen rotatable through 360°C with 
pointer or any other suitable measuring devices. 

Microscope slides and mounting medium comprising 
equal volumes of glycerine and distilled water. 

6A Sample 

Take handfiil of fibres from different parts of the test 
specimen and thoroughly mix them up to make a 
representative test sample. The sample should be free 
from foreign matter, 

6.5 Procedure 

6.5.1 Take 5 g from the sample by a balance having 
an accuracy of 0.5 percent. If the sample is bonded, 
the binder shall be burnt off by firing the sample in a 
furnace at 1 260''C for 5 h. Mount a small number of 
fibres on a slide by floating in the glycerine/water 
medium. Spread out well so that each fibre is separated 
from each other, and place a cover disc on the top. 25 
readings shall be taken from each slide. Three such 
test slides may be made for observation. 

6.5.2 Mount the slide at the microscope stage and 
roughly focus. Move the stage in any one direction 
until no more fibres cross the field of vision. Then move 
the stage into opposite direction until the first fibre 
appears at the centre of the screen. Focus the image 
exactly. Read out diameter of the fibre in micrometer 
to the nearest micron. 

6.5.3 Move the stage until second fibre reach at the 
centre of the focus. Refocus image and read out the 
diameter. Continue until 25 readings have been taken, 
if necessary, the stage may be moved vertically and 
the observations continued. 

6.6 Report 

The mean fibre diameter shall be calculated using the 
statistical technique of grouped frequencies: 

a) Establish the number of fibres having an 
identical diameter x. For example/2 fibres with 
X2 diameter. 

b) Multiply each diameter jc by the number of 
fibres/foimd with this diameter. 

c) Establish a sum of these products and divide 
by total number of fibres to give the mean fibre 
diameter. 



T = 



1/ 



7 DETERMINATION OF SHOT CONTENT 

7.1 General 

High temperature fibrous thermal insulation material 
such as ceramic fibres may contain various am_ounts 
of non-fibrous materials (shot) which can affect the 
thermal perfonnance of the insulation. Shot content 
is used as an indirect measure of thermal performance 
for lot inspection purposes, because of its timeliness 
and relative ease of use, as compared against thermal 
conductivity test methods that are used for qualitative 
purposes. 

7.2 Apparatus 

7.2.1 Electric Furnace 

Capable of maintaining a temperature of 1 260°C. 

7.2.2 Evaporating Dish 

7.2.3 Analytical Balance 

Capable of weighing to an accurac7 of 0.000 1 g. 

7.2.4 Sieves 

Three 200 mm diameter Indian Standard sieves of 600 
microns, 300 microns and 2 12 microns opening nested 
in order with top cover and bottom receiver. 

7.2.5 Stoppers 

7.2.6 Mechanical Sieve Shaker 

7.2.7 Sieve Shaker Tinier 

7.2.8 Bristle Brush —25 mm. 

7.2.9 Weighing Dish —TzTQd. 

7.3 Test Specimen 

7.3.1 Unbonded Fibres 

A 10 g sam.ple taken from a representative area shall 
be used for test. The sample shall be fired in a ifumace 
atl260°Cfor5h. 

7.3.2 BondedFibres 

A 10 g specimen shall be cut from the sample with a 
knife or cork borer, with care taken that no particles 
are lost. The sample shall be fired in a furnace at 
1260°Cfor5h. 

7.4 Procedure 

7.4, 1 Weigh the fired fibre sample on the analytical 
balance to the nearest 0.000 1 g. Place the sample on 
the top of ( 600 microns opening ) screen of the nested 
set and break up the surface of the specim.en shape 
by pressing it against the sieve surface using the flat 
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face of the rubber stopper. Continue this operation 
until all the fine fibres have passed through the screen. 

7.4.2 Transfer the remaining particles from the screen 
to a weighing dish using the bristle brush and weigh 
on the analytical balance to the nearest 0.000 1 g. 

7.4.3 Continue breaking up the specimen on the ( 300 
microns opening ) screen with the flat face of the rubber 
stopper until all the fine fibres have passed through 
thescreen. Transfertheremainingparticlestoaweighing 
dish and weigh on an analytical balance to the nearest 
0.000 1 g. Place the cover on tlie remaining sieve and 
shake for 30 min using a mechanical^ieve shaker. 

7.4.4 Remove the cover and brush the fine fibres from 
the sides of the sieve to the centre of the screen, and 
use the flat face of the rubber stopper to force the fine 
fibres through the ( 212 microns opening ) screen. 
Transfer the remaining particles from this screen to a 
weighing dish and reweigh on an analytical balance 
to the nearest 0.000 Ig. 

NOTE — Steps described in 7.4.2, 7.4.3 and 7.4.4 may 
be combined for weighing as one lot. 

7.5 Calculations 

Calculate the percentage of shot as follows: 

A/„x 100 



M - 



K 



where 

A/g = percent mass of the cumulative shot, 

M - mass of the particles retained on the three 
sieves, and 

M^ = total mass of the specimen. 

8 DETERMINATION OF TENSILE STRENGTH 

8.1 Apparatus 

8.1.1 Measuring Scale 
Reading to 0.5 mm. 

8.1.2 Tensile Testing Machine 

Capable of straining a specimen in tension at a constant 
cross- head speed of 100 ± 10 mm/min, with adjustable 
jaws, 150 mm apart. 

8.2 Number of Tests 

Carry out determinations on three test samples, 
conditioned ( see 5.1 ) for 16 h, of the same material. 

8.3 Test Specimen 

8.3.1 The test specimen shall be of original thickness 
andof230±0.5mmx75 ± 0.5mm size. 



8.4 Procedure 

8,4.1 Cut from the chosen samples in the given size 
by means of scissors five test pieces from each 
orientations, taking care not to cause undue 
compression of the specimen and to minimise any 
mechanical damage done by crushing or bending. 
Measure the dimensions accurately within -± 0,05 mm 
with the help of measuring scale. Fix the sample in 
the tensile strength tester by fixing approximately 
6 mm at the bottom and 6 mm at the top in the holder, 

«.4.2 Apply the force to tear the sample at a constant 
cross-head speed of 100 ± 10 mm/min until tearing of 
the sample takes place. Measure the load necessary 
for tearing. Determine the tensile strength per unit 
area. 

8.5 Calculation 

Calculate the tensile strength as follows: 

F 



Tensile strength = 



W x.t 



N/mm^ 



where 

F = load applied in N; 

w = initial width ofthe test piece, mm; and 

t = initial thickness ofthe test piece, mm, 

9 TESTFORTHERMALSHRINKAGE 

9.1 Apparatus 

9.1.1 Furnace 

A suitable muffle furnace of sufficient capacity capable 
of heating the sample up to a working temperature of 
1 400**C, at the rate specified in 9.4.2 for a specified 
period of time. 

9.1.2 Travelling Microscope 

9.1.3 Measuring Scale 
Reading to 0.5 mm. 

9.1.4 A suitable supporting base capable of maintaining 
a constant volume at working temperature. 

9.1.5 Platinum needles 8 mm long, 0.25 mm in diameter 
required for marJting the sample and shall be placed 
in the furnace alongwith the sample. 

9.2 Number of Tests 

Carry out the determinations on three test samples of 
the same material. 

9.3 Test Specimen 

The test specimen shall be of original thickness and 



IS 14656 : 1999 



of 75 mm x 75 mm size for ceramic fibre products. 
9.4 Procedure 

9.4.1 Take the sample from the original lot. Cut the 
sample according to the specified dimensions by 
scissors. Insert four platinum needles perpendicularly 
into the surface of ceramic fibre products so that 
1 to 2 mm of the needles protrude above the surface 
and they form comers of a square ABCD of approximate 
50 mm size and with side parallel to edges of the test 
piece, and shall be positioned about 12 mm from the 
edge of the test piece. Put the sample on the suitable 
supporting block and put the platinum needle in line 
with fibre length approximately 50 mm apart. Measure 
the distance between the needles AB, BC, CD and DA 
that define the sides of the square properly with the 
travelling microscope within ± 0.05 mm. 

9.4.2 Put the test pieces inside the furnace. Support 
the test pieces in the furnace on a plinth cut from the 
sample of material such that the height of test piece 
and plinth approximately equal to 50 mm. To allow free 
circulation of the hot gases, place the test pieces 
separating each other by a distance of not less than 
25 mm and place them not nearer than 50 mm to the 
walls or heating elements of the furnace. Raise the 
temperature of the furnace up to the working 
temperature at the following rate: 

a) from ambient temperature up to 50°C below the 
working temperature — between 5°C to lO^C 
per min. 

b) for the last 50°C — between TC to 2°C per 
min. 

Allow the test pieces inside the furnace for 24 h at 
the test temperature maintained within ± WC. At the 
end of this period cool the test pieces by at least 200°C 
within 3 min. Remove the sample from the furnace, 
remeasure the distance between the needles with the 
travelling microscope. 

9.5 Calculation 

For each test piece, calculate the shrinkage 
corresponding to the mean of the values found at the 
four measuring points as a percentage of the initial 
length. 

9.5.1 Average of the thermal shrinkage values of the 
three test samples shall be taken. 

10 TEST FOR COMPRESSIBILITY AND 
RESILIENCY 

10.1 Apparatus 

10.1.1 Dial Gauge for Other Instrument) 

Capable of measuring the sample thickness to an 



accuracy of ± 0.01 mm. The gauge shall be mounted 
on a suitable mounting arrangement to enable the 
thickness measurement while the test piece rests on 
the platen of the testing machine. 

10.1.2 Compression Testing Machine 

The compression testing machine shall be capable of 
applying load at the rate specified in 10.4.2. The platen 
shall be larger than the test pieces, flat to ± 0.05 mm 
within a circle of radius 60 mm centered on a loading 
axis of the machine, and of good machined finish. The 
plane of the platen shall be perpendicular to the loading 
axis. 

10.1.3 Square Metal Plate 

This should have 80 ± 1 mm sides, the surfaces of which 
shall be parallel and flat to ± 0.05 mm. The thickness 
of the plates shall be such that the mass sets up a 
pressure of 725 ± 15 N/m^ within the^espective test 
pieces. 

10.2 Number of Tests 

Carry out determinations on three test samples of the 
same material. 

10.3 Test Specimen 

The test specimen shall be of original thickness and 
of 75 ± 1 mm x 75 ± 1mm size^. 

10.4 Procedure 

10.4.1 Position the dial gauge securely so that the tip 
of the measuring probe rests on the centre point of 
the platen of the compression testing machine and the 
direction of the measurement is perpendicular to the 
plain of the platen. Take the reading of the dial gauge 
d^ in mm. Raise the dial gauge and place atest piece 
centrally on the platen and place the square metal plate 
on the top of the test piece so that the test piece is 
covered completely by the square metal plate. Lower 
the dial gauge so that the probe rests centrally on the 
square metal plate. Record the dial gauge reading d^ 
in mm. Calculate the initial thickness as t^-d^ — dy 

10.4.2 Determination of Compressibility 

Move the dial gauge assembly to the proper place so 
that load can be applied to the test piece without 
obstructions, taking care to avoid disturbing cither 
the test piece or the metal plate. Compress the test 
piece vertically by applying a load at the rate between 
I mm/min and 5 mm/min to the metal plate placed 
on top of the test specimen. Record the additional 
pressure, applied by the testing machine, required to 
compress the test piece to 50 ± 2 percent of the initial 
thickness, the pressure being calculated fi'om the apphed 
load by the testing machine and the area of plate. Hold 
the test piece at 50 ± 2 percent compression for 5 min 
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and record the reduction of pressure during this time 
interv^al. Remove the load apphed by the testing machine 
leaving the test piece subjected to the 725 N/m^ pressure 
set up by the metal plate. 

10.4.2.1 Calculation 

Calculate the percentage relaxation of pressure of the 
test piece as follows: 

Reduction of pressure during 

_ , 5 min interval ,^ 

Percentage-—— : x 100 

Relaxation pressure to compress 

the test sample to 50 percent 
of the initial thickness 

10.4.2.2 Average of the three test samples shall be 
taken. 

10.4.3 Determination of Resilience 

Remove the load applied by the testing machine leaving 
the test piece subjected to 725 N/m^ pressure set up 
by the metal plate for 5 min. After the elapse of 5 min 
record the final thickness of the test pieces according 
to the procedure in 10.4.1. Let the final thickness 
be^f. 

10.4.3.1 Calculation 

Calculate the percentage resilience of the test piece 
as follows: 

Percent resilience = -^ x lOO 



10.4.3.2 Average of the three test samples shall be 
taken. 

11 IJETERMINATION OF BULK DENSITY 

11.1 Apparatus 

11.1.1 Steel Scale 

Of suitable length having an accuracy of 1 mm. 

11.1.2 Weighing Balance 

Capable of weighing the test specimen to an accuracy 
of± 0.5 percent. 

11.2 Number of Tests 

Determinations are carried out on three conditioned 
( see 5.1 ) test samples of the same material. The test 
shall be carried out immediately after conditioning. 

11.3 Test Specimens 

The test specimen shall be square, of the size of the 
fiill width of the material. 



11.4 Procedure 

11.4.1 Measurements of Length and Width 

11.4.1.1 Materials with clearly defined edge 

Lay the material on a plain surface and measure its 
length and width by laying a steel scale across the 
surface of the insulating material parallel to one edge 
and at right angles to the adjacent edge. Measurements 
shall be taken at three positions on one face for both 
length and width, namely about 15 mm inwards from 
each edge and across the centre. Turn the insulation 
over and repeat the measurements on the opposite face. 
Read the measurements to the nearest millimetre. 
Record the mean of the six measurements as length 
and width of the material 

11.4.1.2 Materials with indeterminate edge 

Materials which are compressed and tightly rolled during 
transit shall be unpacked and unrolled on to a flat surface 
and allowed to expand freely for at least 4 h before 
measurement. Measure the fiill size of the material as 
accurately as possible consistent with the nature of 
the edges in accordance with the procedure prescribed 
in 11.4.1.1. A T-square erected perpendicular to the 
plane surface and in reasonable contact with the edge 
of the material may be of assistance in determining 
the point of reading on the scale. The mean of six 
measurements shall be recorded as length and width 
of the material. 

11.4.1.3 Materials in the form of long roll 

In this case additional measurements of the width shall 
be made and turning the material over shall be omitted. 
Cut the test samples under a template and check the 
bottom face against the template for accuracy of square 
cut edges. When cutting round the template, care shall 
be taken to avoid any extrusion of the material from 
the edges due to excessive pressure on the template. 
Measure the length and width on the template as 
prescribed in 11.4.1.1 but on one face only and these 
measurements shall be considered to be those of the 
specimen. 

11.4.2 Weigh the test specimen on the weighing balance 
to an accuracy of ± 0.5 percent for its gross mass. 
Calculate the mass of the confining medium, if any, 
along with its accessories and subtract the same from 
the gross mass to get the net mass of the specimen 
( M ). Calculate the volume of the test specimen from 
its length, width and nominal thickness. Let it be V. 

11.5 Calculation 

11.5.1 Calculate the bulk density using the following 
equation: 
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Bulk density = 



M 



kg/m^ 



where 

M - mass of the test specimen in ( kg ), and 

V = volume in m^. 

11.5.2 Average ofthe three test samples shall be taken. 

12 DETERMINATION OF LEACHABLE 
CHLORIDE CONTENT 

12.1 Reagents 

12.1.1 Standard Silver Nitrate Solution 

Prepare 0.014 N solution of silver nitrate by dissolving 
2.396 g silver nitrate in distilled water and dilute to 1 
litre. Standardize the solution against 0.014 N sodium 
chloride solution ( 0.824 1 g NaCl dissolved in water 
and diluted to 1 000 ml ). One millilitre of standard 
silver nitrate solution is equivalent to 0. 500 mg chloride. 

12.1.2 Potassium Chromate 

Prepare by dissolving 50 g of potassium chromate in 
distilled water. Add silver nitrate solution till a definite 
red precipitate is formed. Allow to stand overnight 
and filter. Dilute the filtrate to 1 litre with distilled water. 



12.2 Procedure 

12.2.1 Take 30 g of ceramic fibre in a 600-ml beaker 
Add 300 ml chloride-free distilled water. Cover the 
beaker and place it in a steam bath overnight. Add 
freshwaterfor evaporation losses. Filter through filter 
paper (Whatman No. 42 or equivalent). 

12.2.2 Take 100 ml ofthe above extract and adjust 
the/?H in the range 7 to 10 by adding N/10 sulphuric 
acid or N/10 sodium hydroxide solution. Add 1 ml of 
potassium chromate indicator solution. Titrate with 
standard silver nitrate solution to a pink-yellow end 
point. Run a blank also. 

NOTE — Chloride contamination should be avoided 
at all stages during test. 



12.3 Calculation 

Chloride (as CI), 
percent by mass 



( v^ - V^) X 0.05 



M 



where 



Fj = volume, in ml, of standard silver nitrate 
solution used in the titration with test sanq)le; 

Fj = volume, in ml, of standard silver nitrate 
solution used in the blank; and 

M = mass, in g, of the test sample. 
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